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NITROGEN OXIDE DECOMPOSING ELEMENT 
AND NITROGEN OXIDE DECOMPOSING APPARATUS INCLUDING THE SAME 

Technical Field 

The present invention relates to a nitrogen oxide 
decomposing element for decomposing and removing nitrogen 
oxide and a nitrogen oxide decomposing apparatus including the 
same . 

Background Art 

A nitrogen oxide purging system for decomposing and 
removing nitrogen oxide has various uses, such as an exhaust 
gas treatment of an automobile, a distributed cogeneration 
system, and air cleaning of an enclosed space such as a long 
tunnel or a factory, and increased demand is expected into the 
future. As a conventional technique to remove nitrogen oxide, 
for example, there is JP-A-2002-153755 as patent document 1. 
This patent document 1 discloses a method of purging nitrogen 
oxide NOx by using ammonia as a reductant. There is disclosed 
that in this method, an ammonia molecule (NH 3 molecule) donates 
an electron through an adjacent noble metal to nitrogen 
monoxide (NO) adsorbed on the noble metal, and as a result, 
the nitrogen monoxide (NO) becomes apt to dissociate into a 
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(N atoms) become a nitrogen molecule (N 2 molecule). At this 
time, the temperature of a flowing gas is 400°C. 

As another prior art to remove nitrogen oxide, there is 
JP-A-11-342313 as patent document 2. The patent document 2 
discloses a method of treating a harmful substance-containing 
gas and an apparatus therefor, in which ozone as a highly safe 
oxidizer is used to be capable of treating a gas containing 
harmful substances such as various organic contaminants , 
malodorous components, and bacteria. The patent document 2 
proposes that after ozone is added to and mixed with the gas 
containing the harmful substances, the gas is passed through 
an adsorbent layer filled with high silica adsorbent for 
adsorbing the ozone and for adsorbing the harmful substances, 
so that the harmful substances in the gas are made harmless 
by the action of the ozone. 

However, the method proposed in patent document 1 has 
problems that it is not desirable to use ammonia in consideration 
for the environment and human body, and further, it is necessary 
to perform the treatment at a high temperature of 4 00°C, it 
is difficult to perform the treatment adapted to variations 
in the concentration of nitrogen oxide, and the treatment of 
unreacted ammonia is required. Also in the method of patent 
document 2, in the case where the adsorbed nitrogen oxide is 
desorbed to reuse the adsorbent, it is necessary to perform 
the treatment at a high temperature of 300 to 4 00°C. 
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The invention has been made to solve the foregoing problems , 
and a first object thereof is to propose a nitrogen oxide 
decomposing element capable of performing a treatment at a 
relatively low temperature without using a material, which is 
suspected to have influence on the environment and human body, 
as an oxidant or a catalyst. 

A second object thereof is to propose a nitrogen oxide 
decomposing apparatus using the above nitrogen oxide 
decomposing element. 

Disclosure of the Invention 

A nitrogen oxide decomposing element of the invention 
includes a conductive solid electrolyte film for selectively 
allowing a hydrogen ion to pass through, a first electrode made 
of an electronic conductivity base material disposed on a part 
of a surface of the conductive solid electrolyte film and a 
catalyst for accelerating anodic oxidation, a second electrode 
made of an electronic conductivity base material disposed on 
the other part of the surface of the conductive solid electrolyte 
film and a catalyst for accelerating cathodic reduction, and 
a platinum group catalyst supported by a porous metal oxide 
disposed to be adjacent to the second electrode. 

According to the nitrogen oxide decomposing element of 
the invention, the nitrogen oxide decomposing element is 
obtained in which a treatment can be performed at a relatively 
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low temperature (60°C to 80°C) without using a material, which 
is suspected to have influence on the environment and human 
body, as an oxidant or a catalyst. 

Besides, a nitrogen oxide decomposing apparatus of the 
invention includes the nitrogen oxide decomposing element, a 
frame holding this , a gas supply ports for supplying an anode 
gas and a cathode gas into this frame, a gas exhaust port for 
exhausting the gases in the frame to outside, and a power source 
for applying a DC voltage between the first and the second 
electrodes . 

According to the nitrogen oxide decomposing apparatus 
of the invention, the nitrogen oxide decomposing apparatus is 
obtained in which a treatment can be performed at a relatively 
low temperature (60°C to 80°C) without using a material, which 
is suspected to have influence on the environment and human 
body, as an oxidant or a catalyst. 

Brief Description of the Drawings 

Fig. 1 is a schematic view showing a nitrogen oxide 
decomposing apparatus of embodiment 1 of the invention. 

Fig. 2 is a view showing a current effect of the nitrogen 
oxide decomposing apparatus of embodiment 1 of the invention 
with respect to the removal of nitrogen monoxide at 60°C. 

Fig. 3 is a view showing a current effect of the nitrogen 
oxide decomposing apparatus of embodiment 1 of the invention 
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with respect to the removal of nitrogen monoxide at 70°C. 

Fig. 4 is a view showing a current effect of the nitrogen 
oxide decomposing apparatus of embodiment 1 of the invention 
with respect to the removal of nitrogen monoxide at 80°C. 

Fig . 5 is a view showing the current effects of the nitrogen 
oxide decomposing apparatus of embodiment 1 of the invention 
with respect to the removal of nitrogen oxide at 6 0°C, 7 0°C and 
80°C. 

Fig. 6 is a schematic view showing a nitrogen oxide 
decomposing apparatus of embodiment 3 of the invention. 

Fig. 7 is a view showing the operation and effect of the 
nitrogen oxide decomposing apparatus of embodiment 3 of the 
invention. 

Fig. 8 is a schematic view showing a nitrogen oxide 
decomposing apparatus of embodiment 4 of the invention. 

Best Mode for Carrying Out the Invention 

Hereinafter, embodiments of the invention will be 
described with reference to the drawings. 
Embodiment 1 

Fig. 1 is a schematic view showing a nitrogen oxide 
decomposing element of embodiment 1 of the invention and a 
structure of a nitrogen oxide decomposing apparatus. 

The nitrogen oxide decomposing apparatus of embodiment 
1 includes a nitrogen oxide decomposing element 1 and a frame 
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7 -for housing it. The nitrogen oxide decomposing element 1 
includes a conductive solid electrolyte film 2 for selectively 
allowing a hydrogen ion to pass through , a first electrode layer 
3 made of an electronic conductivity base material disposed 
to be in contact with a part of a surface of the solid electrolyte 
film 2 and a catalyst (hereinafter referred to as an anodic 
catalyst) for accelerating anodic oxidation, a second electrode 
layer 4 made of an electronic conductivity basematerial disposed 
to be in contact with the other part of the surface of the solid 
electrolyte film 2 and a catalyst (hereinafter referred to as 
a cathodic catalyst) for accelerating cathodic oxidation , and 
a platinum group catalyst 6 supported by a porous metal oxide 
5 disposed to be adjacent to the second electrode layer 4. 

The solid electrolyte film 2 has plane surfaces 2a and 
2b opposite to each other, and the first electrode layer 3 and 
the second electrode layer 4 are respectively formed to be in 
close contact with the plane surfaces 2a and 2b. 

In embodiment 1, as the solid electrolyte film 2, Nafion 
117 (trade name) made by Dupont Company is used. As each of 
the first electrode layer 3 and the second electrode layer 4, 
a feeding body is used in which a porous platinum thin film 
layer and a porous titanium are laminated by plating, and a 
titanium surface of the porous titanium is further plated with 
platinum, and the platinum plating of the surface has functions 
of the anodic catalyst and the cathodic catalyst. 
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In embodiment 1, although platinum is used as both the 
anodic catalyst and the cathodic catalyst , it is not necessary 
that these are the same, and as the anodic catalyst, in addition 
to platinum, it is possible to use iridium, iridium oxide or 
the like. In the case where the first electrode layer 3 and 
the second electrode layer 4 respectively do not include the 
anodic catalyst and the cathodic catalyst, unless a very high 
voltage is applied to the nitrogen oxide decomposing element 
1, the reactions of anodic oxidation and cathodic reduction 
are not quickly promoted, and therefore, these catalysts are 
indispensable . 

Further, the porous metal oxide 5 having the function 
of occluding and concentrating nitrogen oxide is disposed to 
be in contact with the second electrode layer 4, and platinum 
as the platinum group catalyst 6 is supported by the metal oxide 
5 at a weight ratio of 1 wt%. That is, the metal molecules 
of the platinum group catalyst 6 are contained in pores of the 
porous metal oxide 5. As a method of causing the porous metal 
oxide 5 to support the platinum group catalyst 6, a porous body 
is immersed in a solution containing a platinum component, for 
example, a chloroplatinic acid (H 2 PtCl 6 ) solution, and is heated 
up to about 4 00°C, so that platinum is supported by the porous 
body. In embodiment 1, hydrogen-terminated zeolite is used 
as the porous metal oxide 5. The zeolite includes aluminum 
oxide and silicon oxide as components, and is denoted by using 
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a general formula W m z n 0 2n sH 2 0. where, in this general formula, 
Wdenotes oneof sodium (Na) , calcium (Ca) , potassium (K), barium 
(Ba) and strontium (Sr), z denotes silicon (Si) + aluminum 
(Al) , the ratio of silicon (Si) to aluminum (Al) is larger than 
1 (Si/Al > 1), and s is not constant. 

The metal oxide 5 used in embodiment 1 is an acidic oxide 
or an amphoteric oxide. The acidic oxide reacts with a base 
(alkali) to form salt, and a high oxidation number oxide of 
transition metal, for example, titanium oxide (Ti0 2 ) belongs 
to this, on the other hand, the amphoteric oxide is one oxide 
which indicates an acidity to a base and indicate a basicity 
to an acid, and for example, aluminum oxide (Al 2 0 3 ) belongs to 
this . 

The nitrogen oxide decomposing element 1 constructed of 
the solid electrolyte film 2, the first electrode layer 3, the 
second electrode layer 4, and the platinum group catalyst 6 
supported by the metal oxide 5 is held by the frame 7. The 
frame 7 is constructed of a circular frame body 7a, an upper 
cover body 7b airtightly joined to its upper end face through 
an O-ring 8a, and a lower cover body 7c airtightly joined to 
its lower end face through an O-ring 8b. The space in the frame 
7 is divided into one at the side of the first electrode 3 and 
one at the side of the second electrode 4 by the solid electrolyte 
film 2 , and an upper treatment chamber 7d and a lower treatment 
chamber 7e are formed. An anode gas supply port 9 and an anode 
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gas* exhaust port 10 are attached to the upper cover body 7b, 
and a mixed gas of water vapor ( H 2 0 ) and nitrogen ( N 2 ) is supplied 
into the upper treatment chamber 7d through the anode gas supply 
port 9. The nitrogen (N 2 ) may be replaced by air. A cathode 
gas supply port 11 and a cathode gas exhaust port 12 are attached 
to the lower cover body 7c , and a mixed gas of nitrogen monoxide 
(NO) as nitrogen oxide, oxygen (0 2 ) and helium (He) is supplied 
into the lower treatment chamber 7e through the cathode gas 
support port 11. 

Reactions at the respective places of the nitrogen oxide 
decomposing element 1 in embodiment 1 are as follows. 
Reaction (anodic reaction) on the first electrode layer 

H 2 0 -> 2H + + l/20 2 + 2e~ (chemical formula 1) 
Reaction (cathodic reaction) on the second electrode layer 

2H + + l/20 2 + 2e~ -> H 2 0 (chemical formula 2) 
2H + + 2e~ -> H 2 (chemical formula 3) 

2H + + 2NO + 2e~ -> N 2 + H 2 0 + l/20 2 (chemical formula 4) 
2H + + 2e" + 1/2NO + l/40 2 1/4N 2 + H 2 0 
( chemical formula 5 ) 

2H + + 2e~ + 2/3NO + l/30 2 -> 1/3N 2 0 + H 2 0 
(chemical formula 6) 

N 2 0 + 2H + + 2e~ -> N 2 + H 2 0 (chemical formula 7) 
Reaction on the platinum group catalyst (cathode side) 
H 2 + 2NO N 2 + H 2 0 + l/20 2 (chemical formula 8) 
2H 2 + NO + l/20 2 2/lN 2 + 2H 2 0 (chemical formula 9) 
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3>2H 2 + NO + l/20 2 -* 1/2N 2 0 + 3/2H 2 0 
(chemical formula 10) 

N 2 0 + H 2 -* N 2 + H 2 0 (chemical formula 11) 
The function of the nitrogen oxide decomposing element 
1 of embodiment 1 will be described with reference to the chemical 
formula 1 to the chemical formula 11 . A nitrogen gas containing 
water vapor is supplied through the anode gas supply port 9 
into the upper treatment chamber 7d at the side of the first 
electrode layer 3 , and is made to come in contact with the first 
electrode layer 3. At the same time, a gas containing nitrogen 
oxide is supplied through the cathode supply port 11 into the 
lower processing chamber 7e at the side of the second electrode 
layer 4 , and is made to come in contact with the second electrode 
layer 4. In this state, the energization of a DC power source 
13 is started, and when a DC voltage is applied between the 
first and the second electrode layers 3 and 4 , the first electrode 
layer 3 becomes an anode, the second electrode layer 4 becomes 
a cathode, and the anodic oxidation and cathodic reduction occur 
by the actions of the catalysts provided in the respective 
layers . 

First, in the first electrode layer 3 as the anode, as 
indicated by the formula (chemical formula 1 ) , the water molecule 
(H 2 0) is electrolyzed and the hydrogen ion (H + ) is produced. 
The hydrogen ion is moved to the side of the second electrode 
4 through the solid electrolyte film 2, reacts with the nitrogen 
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oxide (NO) on the second electrode layer 4, and as indicated 
by (chemical formula 4) and (chemical formula 5), the nitrogen 
oxide is electrochemically reduced and decomposed into the 
nitrogen molecule (N 2 ) and water molecule. Besides, as 
indicated by the formula (chemical formula 6 ) , in the case where 
nitrous oxide (N 2 0) is produced, it is further reduced and 
decomposed as indicated by the formula (chemical formula 7), 
and is decomposed into the nitrogen molecule and water molecule . 
On the platinum group catalyst 6 at the cathode side, the hydrogen 
molecule (chemical formula 3) produced on the second electrode 
4 and the nitrogen oxide react with each other by the action 
of the platinum group catalyst 6, and the nitrogen oxide is 
chemically reduced and decomposed as indicated by the formulas 
(chemical formula 8) to (chemical formula 11). 

As stated above, in the nitrogen oxide decomposing element 
1 of embodiment 1 , the nitrogen oxide is decomposed by two kinds 
of reactions , that is , the chemical reductive reaction ( formulas 
(chemical formula 8) to (chemical formula 11)) in which only 
molecules are involved, and the electrochemical reductive 
reaction (formulas (chemical formula 1) to (chemical formula 
7)) in which ions are involved. There is a case where these 
two kinds of reactions occur at the same time, and there is 
a case where only one of them occurs. 

Figs. 2, 3 and 4 show current effects with respect to 
the removal of nitrogen oxide in the case where in the nitrogen 
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oxide decomposing apparatus constructed as described above, 
the area of each of the reaction surfaces, that is, the first 
and the second electrode layers 3 and 4 is 0.8 cm 2 , nitrogen 
monoxide, as the nitrogen oxide, having a concentration of 1000 
ppm and contained in helium (He) gas is supplied at a flow rate 
10 ml/min, and a DC constant current is supplied between the 
first and the second electrode layers 3 and 4 . Here , the nitrogen 
oxide (NOx) is the sum of NO and N0 2 . In Figs. 2, 3 and 4, the 
ratios of NOx decomposed at 60°C, 70°C and 80°C are obtained 
by analyzing gases exhausted from the cathode gas exhaust port 
12 by an analyzer. 

That is, they are obtained by (ratio % of decomposed NOx) 
= {(NOx concentration (0.1%) at the supply port) - (NOx 
concentration % at the exhaust port) } -s- (NOx concentration (0.1%) 
at the supply port) x 100. Here, the NOx concentration is the 
sum of the concentrations of NO and N0 2 . 

In Fig. 5, the vertical axis indicates the nitrogen 
monoxide concentration at the exhaust port and the horizontal 
axis indicates the current, and Figs. 2, 3 and 4 are shown as 
a graph. A curved line A indicates the case of 60°C of Fig. 
2, a curved line B indicates the case of 70°C of Fig. 3, and 
a curved line C indicates the case of 80°C of Fig. 4. As shown 
in Fig. 5, at any temperatures , as the current density increases , 
the decomposition removal effect of the nitrogen oxide increases , 
and in the range of the current density of 15 mA/cm 2 or higher, 
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about 80% of the nitrogen oxide was removed. Since the nitrogen 
oxide removal effect at 80°C, which is highest among these, 
is inferior to the results at 60°C and 70°C, it is indicated 
that even in the case where the temperature is raised up to 
80°C or higher, a higher effect is not obtained. That is, the 
nitrogen oxide decomposing apparatus in this embodiment can 
sufficiently exhibit the effect at a relatively low temperature 

of 60°C to 80°C. 

As stated above, according to embodiment 1, there is 
proposed the nitrogen oxide decomposing element 1 including 
the first electrode layer 3 and the second electrode layer 4 
respectively disposed on the opposed plane surfaces 2a and 2b 
of the surface of the solid electrolyte film 2 , and the platinum 
group catalyst 6 supported by the porous metal oxide 5 disposed 
to be adjacent to the second electrode layer 4. This nitrogen 
oxide decomposing element 1 is held by the frame 7, the gas 
containing water vapor as the anode gas is supplied through 
the anode gas supply port 9 into the frame 7 and the gas containing 
nitrogen oxide as the cathode gas is supplied through the cathode 
gas supply port 11, and the DC voltage is applied between the 
first and the second electrode layers 3 and 4 by the DC power 
source 13. As a result, the nitrogen oxide decomposing 
apparatus is obtained which can perform the treatment at a 
relatively low temperature (60°C to 80°C) without using a 
material , which is suspected to have influence on the environment 
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or human body, as the oxidant or the catalyst. 

In embodiment 1 , although the example has been described 
in which the hydrogen-terminated zeolite is used as the porous 
metal oxide 5 for supporting the platinum group catalyst 6, 
the same effect is obtained even in the case where a metal oxide 
containing at least one component of titanium dioxide, zirconium 
dioxide, aluminum oxide, silicon oxide, magnesium oxide and 
tin oxide is used. Besides, in embodiment 1, although the 
example has been described in which platinum is used as the 
platinum group catalyst 6 supported by the metal oxide 5, the 
same effect is also obtained by iridium or palladium. 
Embodiment 2 

A nitrogen oxide decomposing element of embodiment 2 (not 
shown) is such that a mixed layer including an electronic 
conductivity base material, a solid electrolyte film, a platinum 
group catalyst and a cathodic catalyst is disposed between the 
solid electrolyte film 2 of the nitrogen oxide decomposing 
element 1 (see Fig. 1) of embodiment 1 and the second electrode 
4 and is brought into close contact therewith. This mixed layer 
can be formed by dispersing a platinum group catalyst, a cathodic 
catalyst , a fine-grained electronic conductivity base material , 
and a fine-grained solid electrolyte film into a solution, 
heating them to evaporate volatile components, and combining 
the fine grain components with each other. 

Since the electrochemical reactions described in 
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embodiment 1 occur at an interface between each electrode and 
the solid electrolyte film, the amount of reaction and the 
reaction speed are increased in proportion to the area of the 
interface . In embodiment 2 , the interface between the electrode 
and the solid electrolyte film, that is, the reaction site of 
the electrochemical reaction is increased at the side of the 
second electrode layer 4, so that the efficiency of the 
electrochemical reductive reaction of the nitrogen oxide is 
improved . 
Embodiment 3 

Fig. 6 is a schematic view showing a nitrogen oxide 
decomposing apparatus of embodiment 3. In the drawings, same 
or equivalent parts are denoted by the same reference numerals 
and their description will be omitted. The nitrogen oxide 
decomposing apparatus in this embodiment includes a nitrogen 
oxide sensor 14 for detecting the concentration of nitrogen 
oxide, and a power source/control device 15 for controlling 
the magnitude of a current flowing between a first and a second 
current layers 3 and 4 and an energization time in accordance 
with the concentration of the nitrogen oxide detected by the 
nitrogen oxide sensor 14. By this, it is possible to control 
the magnitude of the current flowing through the nitrogen oxide 
decomposing element 1 and the energization time in accordance 
with the concentration of the nitrogen oxide. Incidentally, 
it is desirable that the nitrogen oxide sensor 14 is disposed 
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in the vicinity of a platinum group catalyst 6 supported by 
a metal oxide 5 at a cathode side. For example, the nitrogen 
oxide sensor 14 including a sensitive part having a size of 
about 1/10 of the nitrogen oxide decomposing element 1 is fixed 
in the vicinity of the metal oxide 5 and information is extracted 
to the outside through a signal line. 

The operation and effect of the nitrogen oxide decomposing 
apparatus of this embodiment will be described with reference 
to Fig. 7. In the drawing, yl and y2 denote previously set 
nitrogen oxide concentration values , y 1 denotes an energization 
stop concentration, and y2 denotes an energization start 
concentration. That is, at time points tl and t3 when the 
nitrogen oxide concentration detected by the nitrogen oxide 
sensor 14 exceeds y2, the energization by the power 
source/control device 15 is started, and the decomposition and 
removal of the nitrogen oxide is performed. At time points 
t2 and t4 when the nitrogen oxide concentration is lowered to 
yl or less, the energization is stopped. Thus, only in the 
case where the nitrogen oxide concentration in the atmosphere 
becomes high, or the amount of the nitrogen oxide occluded and 
stored in the platinum group catalyst 6 supported by the metal 
oxide 5 becomes high and the nitrogen oxide concentration of 
a vapor phase in equilibrium with the amount (occlusion 
concentration) becomes high, a current flows through the 
nitrogen oxide decomposing element 1, and the nitrogen oxide 
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is decomposed and removed. Further, although not shown, the 
power source/control device 15 can also operate to increase 
or decrease the amount of the flowing current in accordance 
with the increase or decrease amount of the nitrogen oxide 
concentration . 

As described above, according to this embodiment, the 
low- power consumption nitrogen oxide decomposing apparatus is 
obtained which can deal with the concentration change of the 
nitrogen oxide, and can efficiently use electric energy. 
Embodiment 4 

Fig. 8 is a schematic view showing a nitrogen oxide 
decomposing apparatus of embodiment 4 of the invention. This 
embodiment 4 includes a case 1 shown in Fig. 8(a) and a case 
2 shown in Fig. 8(b). Each of these cases 1 and 2 includes 
one gas supply port 16 and one gas exhaust port 17. Besides, 
in each of both the cases 1 and 2, a first electrode layer 3 
and a second electrode layer 4 are disposed to be separate from 
each other on one surface 2a of a solid electrolyte film 2, 
and a metal oxide 5 and a platinum group catalyst 6 are disposed 
on the second electrode layer 4. 

The case 1 of Fig. 8(a) is the case in which similarly 
to the gases from the gas supply ports 9 and 11 of embodiment 
1, water vapor (H 2 0), nitrogen gas (N 2 ), nitrogen monoxide gas 
(NO), oxygen gas (0 2 ), and helium gas (He) are supplied from 
the gas supply port 16, and a reaction with the water vapor 
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(H 2 0) occurs at the side of the first electrode 3 as the anode. 
The case 2 of Fig. 8(b) is the case in which water vapor (H 2 0) , 
nitrogen gas (N 2 )/ nitrogen monoxide gas (NO), oxygen gas (0 2 ) , 
helium gas (He) and hydrocarbon gas (CH 4 ) are supplied from 
the gas supply port 16 , and a reaction of the hydrocarbon (CH 4 ) 
with the water vapor occurs at the side of the first electrode 
layer 3 as the anode. In the drawings, same or equivalent 
portions are denoted by the same reference numerals and their 
description will be omitted. 

In the nitrogen oxide decomposing apparatus of embodiment 
4, the first electrode layer 3 and the second electrode layer 
4 are respectively provided on the same plane surface of the 
surface of the solid electrolyte film 2. The materials 
constituting the solid electrolyte film 2 and the first and 
the second electrode layers 3 and 4 are the same as those of 
embodiment 1 . As the platinum group catalyst 6 supported by 
hydrogen-terminated zeolite as the porous metal oxide 5, for 
example, iridium is provided on the second electrode layer 4. 
A mixed gas of a gas containing water vapor and a gas containing 
nitrogen oxide is made to come into contact with the first and 
the second electrode layers 3 and 4, so that similarly to the 
embodiment 1, the nitrogen oxide is decomposed and removed. 
The reactions at the respective places of the nitrogen oxide 
decomposing element of embodiment 4 will be set forth below 
with respect to the case 1 and the case 2 . 
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Case 1 



13) 



Case 2 



(anode) 
(cathode) 

(total) 

» 

(anode) 



2H 2 0 -» 4H + + 0 2 + 4e~ (chemical formula 12) 
2N0 + 4H + + 4e~ -> N 2 + 2H 2 0 (chemical formula 



2 NO 



N 2 + 0 2 (chemical formula 14) 



CH 4 + 2H 2 0 8H + + C0 2 + 8e" (chemical formula 



15) 



16) 



17) 



(cathode) 4N0 + 8H + + 8e" -* 2N 2 + 4H 2 0 (chemical formula 



(total) 



4N0 + CH 4 -+ 2N 2 + C0 2 + 2H 2 0 (chemical formula 



In the case 1 , at the first electrode layer 3 as the anode , 
as indicated 'by the formula (chemical formula 12 ), the water 
molecule (H 2 0) is electrolyzed, and hydrogen ions (H + ) are 
produced. In the case 2, as indicated by the formula (chemical 
formula 15), the water molecule and the hydrocarbon (CH 4 ) are 
electrolyzed , and hydrogen ions and carbon dioxide (C0 2 ) are 
produced. These hydrogen ions pass through the solid 
electrolyte film 2 and are moved to the side of the second 
electrode layer 4, and as indicated by the formulas (chemical 
formula 13) and (chemical formula 16), the nitrogen oxide (NO) 
is reduced and decomposed into the nitrogen (N 2 ) and the water 
molecule (H 2 0) . 

In embodiment 4, in contrast to embodiment 1 (see Fig. 
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1)' in which the space in the frame 7 is divided into the upper 
treatment chamber 7d and the lower treatment chamber 7e by the 
solid electrolyte film 2, the reactions at the anode side and 
the cathode side occur in the same processing chamber 7f . Thus , 
the one gas supply port 16 used both as the anode gas supply 
port 9 and the cathode gas supply port 11 can be adopted , and 
as a result , the anode gas and the cathode gas are mixed. However, 
since the objective reactions occur by the actions of the anodic 
catalyst and the cathodic catalyst provided in the respective 
electrodes, the same effect as the embodiment 1 can be obtained. 
Further, since the structural parts of the apparatus are 
decreased, and the integration of the element on the plane 
surface becomes possible, the nitrogen oxide decomposing 
apparatus can be simplified and miniaturized. By this, the 
installation in the vicinity of the source of nitrogen oxide 
becomes possible, and the decomposition and removal can be 
efficiently performed in a high concentration area of the 
nitrogen oxide. 

Industrial Applicability 

The nitrogen oxide decomposing element of the invention 
and the nitrogen oxide decomposing apparatus including the same 
have various uses such as exhaust gas treatment of an automobile, 
a distributed cogeneration system, and air cleaning of an 
enclosed space such as a long tunnel or a factory. 
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